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Introduction
Rectal cancer continues to be a relatively common malignancy across the United States, being diagnosed in close to 50,000 patients each year [1] . The standard of care treatment approach is neoadjuvant chemoradiation followed by surgery for the vast majority of locally advanced cases based on strong randomized data [2, 3] . Recent publications using the National Cancer Database (NCDB) have confirmed an increase in the use of this neoadjuvant approach [4] . Classically threedimensional conformal radiation therapy (3D-CRT) has been used which utilizes CT imaging, bony landmarks, but also https://doi.org/10.3857/roj.2018.00465 contoured targets and critical structures to develop a radiation plan. Intensity-modulated radiation therapy (IMRT) is a more technically advanced way to deliver radiation, allowing for more conformality, sparing of surrounding critical structures, and potentially decreased toxicity [5] . The use of pelvic IMRT sky rocketed appropriately in anal cancer with an obvious and expected benefit of decreased toxicity seen in RTOG 0529 [6, 7] . With regards to rectal cancer, low lying lesions are often treated similar to anal canal cancers based on patterns of lymphatic drainage [8] . In addition, mid and distally located rectal lesions may still benefit from IMRT due to decreased dose to the small bowel [9] [10] [11] . With those points in mind, it stands to reason that IMRT is likely being utilized more frequently in rectal cancer. As such, we sought to use the NCDB to examine trends and predictors for IMRT use in rectal cancer in the preoperative setting.
Materials and Methods
The logistics and methods for analyzing the NCDB have been described previously [12, 13] . We conducted a retrospective review using de-identified data from the NCDB, which is exempt from the Institutional Review Board oversight. The NCDB is a tumor registry jointly maintained by the American Cancer Society and the American College of Surgeons for more than 1,500 hospitals accredited across the United States by the Commission on Cancer. The database is estimated to capture up to 70% of newly diagnosed malignancies each year across the country. We queried the database for patients with the American Joint Committee on Cancer (AJCC) clinical stage 2-3 rectal adenocarcinoma (ICD-O-3 histology codes 8140, 8210, 8260-63, 8470, 8480, and 8481) diagnosed between 2004 and 2015. As IMRT use was a recorded NCDB parameter, patients treated with IMRT were identified and compared to those receiving a non-IMRT based radiation technique. We excluded patients with stage I and IV disease, undocumented stage, no neoadjuvant treatment, non-pelvic radiation therapy, and non-neoadjuvant radiation dose (defined as <45 Gy and >73 Gy). We used a cutoff of 73 Gy to exclude patients that clearly had errors in documentation of their total radiation dose. To that end, <1% of patients received a dose >60 Gy. In addition, we excluded patients that were not treated with concurrent systemic therapy or those patients with less than 2 months of follow-up to account for immortal time bias. Fig.  1 is a CONSORT diagram further outlining the cohort selection criteria.
Race was broken down into three broad categories:
Caucasian, African-American, or other. Comorbidity was quantified using the Charlson/Deyo comorbidity index [14] . Stage was defined according to the 7th edition of the AJCC clinical group. Socioeconomic data in the patients' residence census tract were provided as quartiles of the percentage of persons with less than a high school education and median household income. The facility type was assigned according to the Commission on Cancer accreditation category. Locations were assigned based on data provided by the US Department of Agriculture Economic Research Service. Insurance status is documented in the NCDB as it appears on the admission page. The data used in the study are derived from a deidentified NCDB file. The American College of Surgeons and the Commission on Cancer have not verified and are not responsible for the analytic or statistical methodology employed, or the conclusions drawn from these data by the investigator. Data were analyzed using MedCalc Statistical Software version 18 (MedCalc Software, Ostend, Belgium). Summary statistics are presented for discrete variables. Chi-square tests compared sociodemographic, treatment, and tumor characteristics between the treatment groups. Overall survival was calculated in months from time of diagnosis to date of last contact or death which is recorded in the NCDB. KaplanMeier curves were used to calculate cumulative probability of survival [15] . Log-rank statistics were used to test whether there was a statistically significant difference in the cumulative proportions across groups. A Cox proportional hazards model was used for multivariable survival analysis [16] . Due to the large nature of the dataset, factors were entered using a stepwise backward elimination process. Adjusted hazard ratios and 95% confidence intervals are reported, using a p-level of 0.05 to indicate statistical significance.
Propensity score-adjusted survival analysis was used to account for indication bias due to lack of randomization between patients receiving 3D-CRT and IMRT [17] . Multivariable logistic regression was used to calculate a propensity score indicative of conditional probability of receiving conventional 3D-CRT or IMRT. The propensity model included observable variables associated with treatment selection on multivariable logistic regression. A Cox proportional hazards model was then constructed incorporating the propensity score, but also excluding factors included in the propensity score calculation to avoid overcorrection. The assumption of balance was further validated by stratifying the data into propensity score-based quintiles, and confirming that the difference in propensity score mean per quintile was less than 0.10. www.e-roj.org https://doi.org/10.3857/roj.2018.00465
Results
Using the criteria detailed above we identified 21,490 patients with stage 2-3 rectal cancer treated neoadjuvantly with chemoradiation. See Table 1 for full patient details. Of the entire group, 3,131 were treated using an IMRT technique. IMRT use increased over time, rate being 1% in 2004 and 22% by 2014 (Fig. 2 ). Patients with a higher comorbidity score, lower education level, those treated at an academic facility, and had higher N stage were more likely to be treated with IMRT ( Table 2 ). The median radiation dose was 50.4 Gy (range, 45 to 73.8 Gy) in 28 fractions. The median time to radiation from diagnosis was 33 days (interquartile range, 24 to 43 days). The median time to chemotherapy from diagnosis was 32 days (interquartile range, 23 to 43 days). The median follow-up for all patients was 49 months (range, 2 to 156 months). Median follow-up for patients receiving IMRT was 39 months (range, 3 to 151 months). Median follow-up for patients treated with 3D-CRT was 51 months (range, 2 to 155 months). Median overall survival was 138 months, with a 5-year survival of 75%. On univariable analysis, median overall survival was 109 months with IMRT compared to 139 months with 3D-CRT (p = 0.0004). Five-year overall survival was almost identical, 75% versus 74.6% in favor of 3D-CRT. On multivariable analysis increasing age, male gender, higher comorbidity score, higher grade, IMRT use, government insurance, African-American race, and increasing stage corresponded to worse overall survival ( Table 3) . As described in the methods, a logistic regression was used to generate a propensity score and included age, facility type, educational level, income, N stage, T stage, and year of treatment. Multivariable analysis with propensity score included was then run to determine predictors of outcome (excluding those factors used to generate propensity score). This multivariable analysis confirmed higher comorbidity score, high grade, government insurance, rural location, African-American race, male gender and IMRT use as predictive of worse overall survival (Table 4 ). In addition, NCDB does contain pathologic staging information. After completion of neoadjuvant therapy 21% of patients in the IMRT group and 28% in the non-IMRT group had a pathologic complete response.
Discussion and Conclusion
Rectal cancer remains a commonly diagnosed malignancy of the lower gastrointestinal tract. Upfront chemoradiation therapy is generally the preferred approach for patients with node positive or T3 disease based on multiple well-designed randomized control trials, showing less toxicity, better chance at sphincter preservation, and slight improvement in local control [2, 3] . In terms of radiation therapy, technology has evolved over the past 30 years, transitioning (going) from 2-dimensional X-ray based planning, to now utilizing advanced imaging such as CT, MRI, and PET-CT to more precisely deliver radiation based on each patient's individual anatomy and tumor characteristics. IMRT allows for a more conformal dose distribution, at times allowing for dose escalation, and almost always allowing for sparing of surrounding normal structures with the goal of reduction of toxicity [5] . At the current time, IMRT is the standard of care for another pelvic malignancy, anal cancer, based on the groundbreaking results of RTOG 0529 which explored the use of IMRT in reducing treatment-related toxicity [7] . Results of that study showed that IMRT use was significantly associated with reduced rates of grade 2 hematologic and grade 3 dermatologic and gastrointestinal toxicity. A secondary analysis was later published confirming that increasing small bowel volumetric dose correlated with increasing toxicity [18] . As expected, a recent NCDB analysis showed significant increase in IMRT use over time for anal cancer [19] . It is our opinion that these results can reasonably be extrapolated to rectal cancer. For example, most experts in the field encourage treatment of the inguinal nodes for low lying rectal cancers which may drain to that location [8] . In addition, for more classic mid to upper rectal cancers, the main organ at risk which drives short and long term toxicity is the small bowel. An early prospective series evaluated IMRT and 3D-CRT plans in over 20 patients, clearly showing reduced dose to small bowel and bone marrow with IMRT [9] . Direct comparison of toxicity was not possible since each patient served as their (it) own control. However, compared to historical rates the grade 3 toxicity was reduced. A similar study was conducted at MD Anderson, where 10 patients with rectal cancer were treated using IMRT, but also had 3D-CRT plans generated for comparison based on bony anatomy [10] . As expected, the IMRT plans had significantly reduced dose to small bowel, bladder, bone marrow and femoral heads. Lastly, the group from Harvard conducted a retrospective review on close to 50 patients treated with either 3D-CRT (58%) or IMRT (42%) in the preoperative setting [11] . With IMRT, the rate of grade 2 or higher gastrointestinal toxicity was significantly reduced (60% down to 30%). In addition, treatment duration was less with IMRT and pathologic complete response (pCR) rate was 21% with IMRT compared to 16% in the 3D cohort.
A recent NCDB analysis confirms that neoadjuvant chemoradiation has increased in use for the treatment of rectal cancer, without specifically commenting on the radiation technique [4] . A study just published this year examined the use of IMRT in close to 1,000 rectal cancer patients treated across the National Comprehensive Cancer Network (NCCN) centers between 2005 and 2011 [20] . IMRT use began at <13% and rose to >30% by 2010 within those centers. When reviewing these results, one must keep in mind that the NCDB also contains data from community cancer centers. Our results did show an increased likelihood of receiving IMRT if treated at an academic center ( Table 2 ). The results of our analysis confirmed increasing use of IMRT in rectal cancer peaking at >20% in 2014, beginning at <1% in 2004. These numbers likely differ from the NCCN group study based on inclusion of community centers and overall larger sample size. Compared (79) 359 (13) 96 (3) 537 (17) to anal cancer, IMRT use is still relatively low in rectal cancer, with a recent NCDB analysis showing rates eclipsing 90% [19] . Of note, and as an aside, IMRT patients did worse in our analysis in terms of overall survival. In that vein, a similar analysis published last year from Duke using the NCDB reported that patients with rectal cancer treated with IMRT had a higher risk of positive margins and failure to preserve sphincter function [21] . We must keep in mind that the goal of our study, and what the NCDB is most useful for, is examining trends and associations in treatment and outcomes. The decreased survival in the IMRT group is quite easily explained by their higher comorbid scores and higher N stage. In addition, we do not know if IMRT patients had more aggressive low lying cancers or otherwise advanced disease. One could reasonably postulate that is likely the case given the lower pCR rate in the IMRT patients. Furthermore, one could reason that since the patients treated with IMRT more often had a higher comorbid score, that perhaps IMRT was used to potentially offer a non-surgical option, or a lesser surgery, which may have had less likelihood of cure. Unfortunately, type of surgery (local excision compared to LAR/TME) is not clearly documented in the NCDB. The limitations of this study are those intrinsic to the dataset and NCDB, including the retrospective nature of collection and analysis, as well as, the associated selection bias. In addition, NCDB lacks important data on toxicity, local failure, chemotherapeutic agent(s) and number of treatment cycles completed, all of which play an important role in determining outcome for rectal cancer. Salvage therapy is also not recorded in the NCDB, which is an important player in long term rectal cancer outcomes.
In conclusion, the results of this NCDB analysis show a steady uptick in the use of IMRT for rectal cancer in the preoperative setting across the years 2004-2015, particularly for patients with higher disease burden. This phenomenon is not surprising given existing data supporting lower toxicity. A continued increase in IMRT use is expected.
